AD=AL18 810 SOLAR TURBINES INC SAN DIEGO CA TURBOMACH DIV R L ZE

DEVELOPMENT REPORT FOR THME 10 Kw SOUND ATTENUATION PROGRAM {PRE=~ETC(l}} %
DEC 81 6 L BUTZKE DAAKTN=TT=C=0N32
UNCLASSIFIED ERR=0195 ' N NL




s Engineering Report

AD A118810

OEVELOPMENT REPORT FOR THE 10 KW SOUND ATTENUATION
PROGRAM CONTRACT DAAK 70-77-C-0032
(PREPRODUCTION "F" KIT)

MEGRT ERR 0195 1SSUED 2 December 1921 \0
A\NZe
Q.. &
é,"" ‘,cb\
PREPARED BY @ W

Hay X Z’;st’ N 4

G. L. Butzl/e, Project Coordinator Gemini

2632»—:;\ 2-11-82

R. B. Fleming, Chief @ Engfneer

N e -1}

Jd. { Todd Chief, Gemini Engine Programs

CUSTOMER AR

SOLAR A
Thu document has bee.

CoPY NO for public nlme and :uf: pnr.ovod
distribution is unlimited

8 9 l/: 5t Ty O q\z

S et - e TR SRS - S




S | q
. Unclassitied
) -~ SECURITY CLASSIFICATION OF THIS PAGE (When Date Bntered)
REPORT DOCUMENTATION PAGE m'g:;bcg,,“ L‘E“mc"""c :om
} . L+ NUM 2. QOVY ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
! ERR 0195 L)p-n//%/o
4. TITLE (and Subtitle) ) S. TYPE OF REPORT & PERIOD COVERED
Development Report for the 10 KW Sound Final Report
Attenuation Program, Contract DAAK70-77-C-0032 January 1977 - December 1981
(Preproduction "F" Kit) 5. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)
Gary L. Butzke DAAK70-77-C-0032
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. ::ggRDA=0!RLK£=§IN‘I’T'NPU.I°IJ!!§ST' TASK
Turbomach Division
Solar Turbines Incorporated
4400 Ruffin Road, San Diego, CA 92123
12, T T
e Lk%'fmﬁ Tﬁ; ?au‘ En':#t Research & Develop nt“'“ oATE
Command/Procurement & Production Directorate T NUMBER OF PAGES.
Ft. Belvoir, VA 2206
;\ (T3, MONITORING AGENCY NAME & ADDRESS(I different from Controlling Office) | 15. SECURITY CLASS. (of this report)
: UNCLASSIFIED
[(T8e DECL ASHIFICATION/ DOWNGRAGING |
; [16. DISTRIBUTION STATEMENT (of this Report)
j Approved for public release; distribution unlimited
17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES «

TR W <

v

19. KEY WORODS (Continue on reverse side if necessary and identify by block number)

10 KW 60 Hz Generator Set

Gas Turbine Engine Driven

Acoustic Housing

Catagory F Requirements MIL-STD-1474

ABSTRACT (Casthawe an ¢ L. X4 aty and Id ty by block ber)

his final report covers t rogram undertaken, by Turbomach Division of
Solar Turbines Incorporateddto devéTop an acoustic enclosure for the 10 KW
60 Hz GTED Generator Set. The enclosure was designed to meet the performance

requirements of category F of MIL-STD-1474. Tests were conducted to determine
any detrimental effects of running the gas turbine engine inside of a closed
environment. Tests were also conducted to determine the acoustical character-
istics of the enclosed package and a comparison done with the standard 10KW

C
DD 55> MI3  zormow of 1 wov ¢8 15 ossoLETE UNCLASSIFIED ¢

’ — — —
( SECUMTY CLASSIFICATION OF THIS PAGE (Wien Dete Entored)




UNCLASSIFIED
- L) SECUMITY CLASSIFICATION OF THIS PAGEWhen Data Enteced)

—~—— -

[ 4
\ 20. Abstract
\0 Hz generator set to determine the attenuation provided by the
Facoustic enclosure,

P R L 7 R

‘o..ﬂsion Fot_____...,

BI1S ORAXI v
prIC TAB =
Unannounced
Jusuticatio . '
. e | l
’ +
: B
‘ Dzst.ribuuon/ o ;
vailability Codes |

yget

—"javail and/oT i
pist | Special '

| y \\

\ UNCLASSIFIED

\‘ ‘ SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




. ?
i ngronr  ERR 0195 q ;
Enginsering Report weum0  December 2, 1981 '
. TABLE OF CONTENTS q
Section Page |
1 INTRODUCT ION i
2 PREVIOUS DESIGN STUDIES 3 b ‘:
3 ACOUSTIC ENCLOSURE 5
3.1 Discussion 5
3.2 Panel Design 6 X
3.3  Air Flow Considerations 9 P
4 MECHANICAL ADAPTATION OF ENGINE/GENERATOR SET n '; ‘
N 5 PACKAGE ASSEMBLY/DISASSEMEBLY ‘ 12
6 PERFORMANCE TEST AND EVALUATION OF SOUND ATTENUATION PACKAGE 13
6.1 Temperature Survey 13
L ' 6.2 Acoustical Evaluation 16
7 RESULTS 17
( 7.1  Temperature Survey ' | . 17
7.2 Acoustical Evaluation 17
8 CONCLUSIONS 18
Appendix I Acoustic Test Data Sheets ' 44
! Appendix Il Preliminary Acoustic Test Results 45
3
]

x0T




_—— — T~ -
- o neroer ERR 0195
mm sausn  December 2, 1981
' LIST OF FIGURES
Figure Page

1 Original Battery Box Concept 19
2 Battery Box Orientation 20
3 Modified Battery Access Panel 21
4 Assembled Preproduction "F" Kit Acoustic Housing 22
5 Access Panel and Lifting Handle Construction 23
6 Forward Panel 24
] 7 Aft Panel 25
8 Right Side Panel (Original Design) 26
9 Left Side Panel 27
10 Top Panel 28
(' n Top Panel 29
12 Basic 10 KW GTED Generator Set 30
13 Side Panel Installation and Alignment 31
14 Forward Panel Installation 32
15 Aft Panel Installation 33
16 Assembled Silent Power Package 34
17 Temperature Survey No Load 35
18 Temperature Survey 10 KW Load 36

19 Frequency Response Characteristics for General Radio
Model 1933 Sound Level Meter 37
20 Sound Pressure Level -.6 Meter, No Load 38
2 Sound Pressure Level - 6 Meter, 10 KW 39
r¥d Sound Pressure Level - 7 Meter, No Load 40
a3 Sound Pressure Level - 7 Meter, 10 KW 4
1] Sound Pressure Level Baseline - 6 Meter, No Load 42
25 Sound Pressure Level Baseline - 6 Meter, 10 KW 43
Mer i

O A T TR s

T g 1 2




_ ‘ ' MEPORT  ERR 0195
Engineering Report aeveD

December 2, 1981

1.0 INTROOUCTION

This report covers the development, test and evaluation of a preproduction "F"
kit acoustic housing per CLIN 0010 of contract DAAK70-77-C-0032. The objective
of this task was to optimize the concept of a "bolt on" type of acoustic kit
for the 10 KW, 60 Hz Gas Turbine Engine Driven (GTED) Generator Set.

The noise level limit for this kit was 65 dB(A) at a distance of 6 meters from
the center of the set. The following octave band limits for this acoustic kit

were specified per the 1 March 1973 version of MIL-STD-1474, Table 2, Category
F:

Maximum Sound Pressure Level dB

Octave Band Center Frequency (Hz) (re 0.002 mic-obar)

63 86
125 ' 77
250 69
500 62

1000 60
2000 59
4000 59
8000 61

Application of the .sound attenuation kit to the standard 10KMW, 60Hz set was to

be accomplished while minimizing weight addition and without obstructing daily
maintenance functions.

While the requirements specified were maximum limits, it should be recognized
that due to the conceptual nature of this program, certain properties of the

-*Silent Power Package® would exceed the prescribed limits in the interest of

obtaining the best overall silent package configuration.
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Publication of this report does not constitute U.S. Army (MERADCOM) approval
of the findings or conclusions presented herein and is published only for the
exchange of information.
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2.0 PREVIOUS DESIGN STUDIES

TR N R R

The Preproduction "F* Kit Acoustic Housing under investigation is the result l
of several phases of a sound attenuation program undertaken by Solar Turbines :
Incorporated for the U.S. Army. The *E* and. "F" Kits referenced in this re-
port are acoustic housings designed to meet catagory E and catagory F require-
ments of MIL-STD-1474. The "E" Kit design emphasized attenuation of individu-
al noise sources while the “F" Kit was designed to enclose the entire genera-
tor set.

—a-——

s

The initial phase of the program involved the establishment of baseline noise
level and set performance parameters for the 10KW GTED 60 Hz Generator Set.
Emphasis was placed in the determination of specific sources of sound genera-
tion, their avenues of transmission and the effect of temperature levels on
set performance. f \

ey m——

(‘ The second phase of the Silent Power Program involved the anal ysis of the a- ':f
’ bove baseline data to determine the means and techniques to obtain the optimum ;
sound level attenuation of the 10 KW GTED 60 Hz Set. This baseline data was
then compared to the baseline data obtained for the 60 Hz Turboalternator set
and evaluated in light of the attenuation treatments applied to the Turboal-
ternator Set under contract DAAKO2-71-C-0311. The results of that evaluation
were used to determine modifications required on the 60 Hz Set to comply with

the requirements of categories C through F of MIL-STD-1474,

Phase three of the program consisted of the fabrication, test and evaluation
of a sound attenuation treatment for the 10 KW GTED 60 Hz Set. These results
were used to propose a means by which category F requirements, 65 db(A) at 6
meters, could be met on the 60 Hz Set.

The next phase of the program involved the addition of various devices on the
engine components to fulfill the steady state nofse limfts as defined by cate-
gory F of MIL-STD-1474A.
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A1l subsequent phases of this program have been in the interest of “"fine tun-
ing" the "E" and “F" kits for the 10 KW GTED 60 Hz set to provide maximum
noise attenuation while minimizing weight addition and adverse effects on set
operating parameters. This included an investigation into the additional
acoustical treatment necessary to achieve 100 meter aural non-detectability as

defined in MIL~-STD-1474. Evaluations were also made on the producibility of
both "E* and “F* kits.

Detailed accounts of the previous work done on the Silent Power Program
under contracts DAAKO2-71-C-0311 and DAAK70-77-C-0032 can be found in the fol-
Towing Solar reports:

ER 2447 10 KW Silent Power Program, Interim Report

ERR 2959-1 through 12 Monthly Progress Report - 10KW Sound Attenuation
(.. . Program

ERR 0035 Development Test Report for the 10 KW Séund
Attenuation Program
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3.1 Discussion

ACOUSTIC ENCLOSURE

The acoustic enclosure under investigation is a "bolt on" type acoustic kit,
the design of which was based on the prototype "F" kit previously developed
under CLIN 0004 of contract DAAK70-77-C-0032. The basic design concept of the
kit consisted of acoustic panels which could be applied to the standard 10 KW
GTED 60 Hz Generator Set while retaining the existing inlet and exhaust duct-
ing.

The acoustic housing consisted of five separate panels; four side panels
and the top panel. For the purposes of this report, the four side panels shall
be indentified as follows: the panel closest to the operators station-shall be
the forward panel, the panel opposite the forward panel (at the exhaust end of
the unit) shall be the aft panel and the side panels shall be designated right
and left side panels as seen from the operator's station.

The panels overlapped by 1 3/4 inches and were sealed with silicone rubber
to prevent sound leakage from between panel joints. Disregarding the madifica-
tions made to the standard 10 KW set, there were fourteen (14) bolts that held
the sound attenuation kit to the basic generator set, four per each side panel
and six on the forward panel. A total of ten (10) bolts secured the forward,
aft and top panels to the side panels of the housing. Complete disassembly of

the acoustic housing could therefore be accomplished with the removal of twen-
ty four (24) bolts.

Access to the various components on the set requiring adjustment or serv-
icing was provided through the use of hinged access panels. A total of four
access panels, or doors, were 1ncorporatéd into the package; two on the top
panel and one on each of the two side panels. Engine components requiring per-
fodfc service and their avenues of access are shown in Table 1.

The original design housed the battery on the righc side of the unit, ex-

ternally from the engine/generator set (See Figures 1, 2 and 4). This configu-
‘ ration made battery maintenance very awkward and was abandoned. It was
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noted that battery heating from exposure to the engine/generator was not as
severe as originally expected and that ambient air induced over the battery
through slots in the side panel was sufficient for battery cooling purposes.
The top of the battery box was therefore removed and the opening in the right
side access panel covered to obtain better acoustical integrity for the pack- :
age. With this change, periodic battery maintenance remained accessable f
?hrough the right side access panel (See Figure 3). V

o L

Load connections in the distribution box were made through an access door
on the left side panel. The load cables were routed through the front of the :
distribution box and through an opening at the bottom, left side of the for- 1 '
ward acoustic panel (See Figure 14).

3.2 Panel Design : Q

The panels were to be constructed from solid aluminum sheet metal on all ex-
terior surfaces and acoustic fiberglass or mineral wool bill overlayed with a
synthetic film and encapsulated with perforated aluminum on the interior sur-
faces.

Per design, the acoustic panels on the kit were constructed from ,125
thick 6061-T4 aluminim plate with .032 thick 3003-H14 perforated aluminum
sheet on all suitable interior surfaces. The panels were acoustically insulat-
ed with Johns - Manville 1.50 thick spin-gias blanket finsulation, type 5G-24,

and a .001 to .002 Kapton Polymide sheet overlay to prevent absorption of fuel
and oil. .

DPITTRSS | Y ROIERE DR

A1l panel surfaces that overlapped with other panels were lined with sili- ' {
cone rubber sponge to insure a good acoustical seal.

A1l access panels were of similar construction as the housing panels. Each .
access panel was acoustically sealed with silicone rubber sponge and latched '
with Southco fasteners, part number 48-10-402-10. (See Figure 5)
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The complete preproduction "F" kit is shown in Figure 4 and the individual
acoustic housing panels are shown in Figures 6-11. The additional weight im-
posed by the “F" kit acoustic panels is summarized in Table 2.

Table 1. Engine Component Accessability

COMPONENT ACCESS PATH
Battery Right Side Access Door
Cup Motor Top Aft Access Door
Day Tank Right Side Access Door

Diagnostic Test Plug
Electric Fuel Pump

Fuel Control

Fuel Filter

Fuel Solenoid Valve
Ground Stud

011 Filler Cap/Dip Stick
0i1 Filter

Remote Control Plug
Storage Box

Forward Panel

Right Side Access Door/Forward
Panel

Top Forward Access Door
Right Side Access Door
Top Aft Access Door
Forward Panel

Top Aft Access Door

Top Aft Access Door
Forward Panel

Forward Panel

v wma— a
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Table 2. "F" Kit Acoustic Housing Component Weights

COMPONENT QTY. WEIGHT (LBS)
Forward Panel (Operators Position) 1 20.0
Aft Panel (Exhaust End) 1 18.6
Right Side Panel (Battery Side) 1 31.6
Left Side Panel (Load Lead Connection) 1 30.5
Top Panel 1 56.8
Eductor Flange 1 1.4
Lifting Handles and Hardware 4 2.4
Battery Box ‘
Side Plates and Spreader Bar 12.0
Cover _ 1 .4
Miscellaneous Hardware (Nuts, Bolts, etc.) 3.5
Adaptation Hardware (Base Plates) 2 3.0
TOTAL HOUSING WEIGHT 180.2
STANDARD 10 KW GTED GEN. SET WEIGHT 460.0
TOTAL SILENT POWER PACKAGE WEIGHT 640.2
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3.3 Air Flow Considerations

A critical design factor involved when. enclosing a gas -rbine engine is the
air flow required for combustion and for cooling of various components. Allow-
ances must be made to maintain component temperatures below maximum operating
Timits.

0i1 cooling on the standard generator set is achieved by use of a fan that
directly cools the gearbox assembly. This fan is located between the gearbox
and the generator and requires a cool air supply to effectively cool the gear-
box oil.

Ambient air ducted through the enclosure into the compresor inlet was to
remain completely isolated from the higher temperature air inside of the a-
coustic enclosure. This was done to prevent loss of engine performance due to
high engine compressor inlet air temperatures.

Cooling air for the engine and its various components was drawn througﬁ~

several small openings and slots located at different positions on the enclo-
sure. The left and right side panels each had one small hooded duct built into
it solely for the purpose of allowing air flow into the enclosure. Additional
air flow was allowed into the enclosure through the drain ports at the bottom
of the right side panel. A one half (1/2) inch gap was made along the entire
length of the bottom of the aft panel to allow cooling air to flow over the
exhaust collector box. A separate duct on the forward panel was utilized to
allow ambient afr in for generator cooling (see Figure 14).

As previously noted in 3.1 for the original concept of the preproduction
“F" kit, the battery was to be-completly isolated from the generator set and
left exposed to ambient air for cooling purposes. Due to the location of the
battery, total isolation from the engine was not feasible. The partial isola-
tion concept, shown in Figures 1 and 2, ylelded poor seviceability, hence the
external battery box was eliminated. The opening in the right side panel was
closed off except for a small vent at the bottom to allow air to flow over the
battery for cooling. The modified right side panel configuration 1s shown in
Figure 3. :

“9
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A baffle which separated the combustor housing from the exhaust collector
was incorporated on the top panel for a two fold purpose. The baffle provided
for air flow over a greater surface area of the exhaust collector and prevent-
ed heat from the exhaust collector from radiating back to vital engine compo-
nents (see Figure 10).
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4.0 MECHANICAL ADAPTATION OF ENGINE/GE.NERATOR SET

The basic concept of the sound attenuation kit consisted of an acoustical
treatment that could be applied directly to the standard 10 KW 60 Hz Generator
Set. In order to achieve this purpose and still maintain good acoustical char-
acteristics, minor modifications were made to the generator set frame.

The forward acoustical panel was hinged to a bracket which was attached to
the set frame with six (6) .250-28 UNF screws. Mounting of this panel required
drilling six holes through the tubular part of the frame adjacent to the oper-
ators station.

The remainder of the kit was secured to the set through four attachment
points on each side of the frame. The right and left side acoustical panels
were each attached to the unit with four (4). 375-24 UNF screws. This required
drilling four holes through the tubular framework on each side of the genera-
tor set (see Figure 12). ' '

In order to support the installation of the side panels, a base plate was
attached to the base skid at each side of the unit (see Figure 12). The acous-
tical properties of the kit were enhanced by using a silicone rubber sealing
material at this panel joint.

The acoustical inlet duct in the top panel mated directly with the set
inlet air filtration assembly. This eliminated.the need for the air inlet hood
assembly, -part number 74-8350.

The 1ifting handles extended through the right and left side panels and
attached to each corner of the frame with two .312-24 UNF screws (see Figures
5 and 13). :

The distribution box cover panel was removed from the set to allow access
to the distribution box through the access door on the left side acoustic pan-
el (see Figure 12).

—

e g AR i




MEPORT  [RR 0195

9 ring Report BB pecember 2, 1981

5.0

PACKAGE ASSEMBLY/DISASSEMBLY

Providing the generator set modifications in the preceeding section had been
accomplished, installation of the Preproduction *F" Kit enclosure was most
readily accomplished when the following assembly steps were taken,

].

3.

ure.

The side panels were the first to be installed on the unit. It was
important that the side panels be aligned properly to insure that the
remaining panels would be properly positioned. Shim stock was used at
each of the four attachment points on the side panels to establish
their proper positioning and insure that they were parallel (see Fig-
ure 13).

The front panel was then installed and checked for proper fii. At this
point, the side panels were shifted forward or aft to allow the for-
ward panel to seal properly with the control panel (see Figure 14).

The aft panel was installed next and'positioned such that the top of
the panel was in alignment with the tops of the right and left side
panels (see Figure 15).

The top panel was the last to be mated with the enclosure assembly. If
all other panels are properly located, a good seal will occur between
the engine air inlet and the top panel acoustic air inlet.

The Assembled Silent Power Package is shown in Figure 16. Removal of the a-
coustic enclosure was accomplished by reversing the above installation proced-

B T
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6.0 PERFORMANCE TEST AND EVALUATION OF THE SOUND ATTENUATION PACKAGE

The test effort on the preproduction “F" kit acoustic package was divided into
two phases. The first phase of testing concentrated on the effects of operat-
ing the gas turbine generator in an enclosed environment. Of primary import-
ance during this phase of testing was the determination of heat concentration
points within the package. The second phase of testing was devoted to estab-
lishing the acoustical signature of the generator set/acoustic package combin-
ation. i

6.1 Temperature Survey i ]‘_

4§ The temperature survey was conducted to establish whether or not any of the

system components would be adversely affected by the increased temperatures :
encountered while operating in a closed environment. The Generator Set was ;
instrumented to monitor temperatures at 22 key engine component and package

locations. The components and locations monitored are listed in Table 3.

Problems were encountered initially with a high incidence of low o0il pres-
sure shutdowns. This was a characteristic of this particular set (+3000 hrs)
when exposed to high operating temperatures and long term run times. This is
not a problem area in new sets and it is recommended that the customer monitor
oil pressure during operation of this set to insure oil pressures of at Teast
7 psig.

During the test effort, a high failure rate was encountered with the power
transistor: in the cup motor drive circuit. The power transistor was relocated
to the cooler environment of the control console as a corrective action. Fur-
ther testing proved this configuration also to be unsatisfactory. The final
solution to the problem involved connecting two (2) power transistors in par-
allel to reduce the current load on each transistor.

Originally, o1l cooling for the 10 KW 60 Hz Generator Set had been accomp-

Tished by direct cooling of the gearbox assembly (see Section 3.3). Oue to the

high temperature environment induced by the acoustic enclosure, this method
; was unsatisfactory when operating at full load. An external ofl cooler was

PAGE 13
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added to the o0il system and mounted to the outside of the right side acoustic
panel (see Figure 16). The radiative cooling provided by this configuration
was sufficient for continuous operation of the set at full load.

Table 3. Temperature Survey Instrumentation

?
‘
POSITION # LOCATION T/C TYPE ;
i
5
1 011 Sump J ’
2 Fuel J
3 Air Inlet Filter J !
4 Air Inlet Filter J :
5 Air Inlet Filter J ‘
’ 6 Generator air Inlet d :
| ' 7 Gearbox Cooling Vent J
’_ ( 8 Gearbox Cooling Vent J
9 Exhaust Collector J o
10 Exhaust Collector J
n Exhaust Collector J
l 12 Start Contactor Box J
13 Cup Motor Heat Shield J
14 Cup Motor Case J
15 Fuel Solenoid Valve J
16 Combustor Housing Ambient J
17. Compressor Air Iniet J
18 Generator Exhaust Tube J
19 Exhaust Gas Temperature (EGT) K
20 Exhaust Gas Temperature (EGT) K
21 Power Transistor J
22 Ambient J

T/C TYPE: J - Iron/Constantan
K = Chromel/Alumel

ol Ko ——— -
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Engine overtemperature shutdowns were encountered during the early stages
of the temperature survey while operating the set at full load. This problem
was traced to an improper seal between the mating surfaces of the set air in-
Tet filter and the inlet duct on the top panel of the acoustic enclosure. The
improper seal allowed high temperature air from inside the enclosure to leak
into the engine inlet duct. Temperature .increases of up to 70°F were observed
between ambient temperatures and compressor inlet temperatures while this con-
dition existed. Several modifications were made to the top panel which en-
hanced the fit between the acoustical inlet duct and the inertial air filter.
These modifications reduced the temperature differential between ambient and
compressor inlet to approximately 30°F, allowing set operation at full load in
ambient temperatures up to approximately SO°F.

Another factor involved in the occurence of overtemperature shutdowns was
the recirculation of exhaust gasses into the air inlet duct. This problem was
encountered only while operating in the near vicinity of the Turbomach test
facility. This recirculation was attributed to variable winds and eddy cur-
rents in the area and was alleviated by attaching a fourteen (14) inch exhaust
extension to the enclosure. The exhaust extension was not required while oper-
ating at other locations, however sound level measurements wera taken to de-
termine its effect on the acoustical performance of the package.

Results of the temperature survey at no load and full load conditions are
shown graphically in Figures 17 and 18.

The 'skin temperature of the acoustic enclosure was not instrumented during
the temperature survey but was, however, affected by its high temperature en-
vironment. The perforated metal on the aft panel was warped due to {ts close
proximity with the exhaust collector. Several welds were broken at the top of
the aft panel due to deformation of the .125 Al plate. This area will require
reinforcement {f additional enclosures are made.

TR S
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6.2 Acoustical Evaluation

The sound attenuation properties of the silent power package were tested at
the Turbomach facility in San Diego, CA. Sound level measurements were taken
at the operators station and at multiple positions six (6) and seven (7) me-
ters from the set. The sound pressure levels at these positions were measured
at octave bands from 63 Hz to 8000 Hz and at the "A" weighted and flat re-

sponses as shown in Figure 19,

A General Radio model 1558 BP Precision Sound Level Meter/Octave Analyzer

System was used to acquire data. The microphone was positioned five feet

eight inches (5'8") above ground level at an angle of approximately 45° from

the sound source. There was no prevailing wind at the test site during the

acoustical tests.

The results from the 6 meter acoustic tests at no load and 10 KW load are

(_ shown in Figures 20 and 21. The results from the 7 meter acoustic tests at no
load and 10 KW load are shown in Figure 22 and 23. The test data sheets docu-
menting the sound pressure level measurements taken at Turbomach are contained

in Appendix I. The baseline acoustic data for the 10 KW Generator Set, taken

from previous acoustical tests, is shown in Figures 24 and 25. Preliminary

sound pressure level measurements taken on the preproduction “F" kit are in-

;»;
L}

cluded in Appendix 2.
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7.0 RESULTS

I
7.1 Temperature Survey

Results of the temperature survey indicate that the various components of the
10 KW 60 Hz Generator Set ran satisfactorily within the high temperature envi-
ronment of the acoustic enclosure. The modifications of section 6.1 must be
met for prolonged use of the unit.

7.2 Acoustical Evaluation

The sound pressure level measurements taken for the "F" kit enclosure show

that the catagory F requirements of MIL-STD-1474 were met for all frequencies

below the 1000 Hz octave band. Although the target levels at and above the

1000 Hz octave band were not met, the results of the acoustic tests show that

, the "F" kit provides a reduction in sound pressure level at these frequencies

(" of at least 10 dB below the standard set baseline data shown in Figures 24 and
25.
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8.0 CONCLUSIONS

Evaluation of the preproduction “F* kit has shown that it is feasible to pro-
duce a bolt-on type acoustic enclosure for the 10 KW GTED Generator Set. If a
contract was awarded for a 10 KW Generator Set with silent watch capability,
the present enclaosure design could be applied to the standard 10 KW GTED gen-
erator set and provide a significant attenuation of sound pressure level in
the audio frequency range.
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Figure 5, Access Panel and Lifting Handle Construction
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Assembled Silent Power Package (Note 01l Caooler Modificatjon)
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Figure 19

Frequency Re%ggnse Characteristics for General

Radio Model 8 Sound Level Meter
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FIGURE 20
SOUNRD PRESSURE LEVEL
NO LOAD @ 6 METERS
OCTAVE PASS BANDS IN HERTZ

PREPRODUCTION “F" XIT
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FIGURE 21

- : SOUKD PRESSURE LEVEL
: PREPRODUCTION “fF* KIT

10 KW @ 6 METERS

>
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FIGURE 22
SOUND PRESSURE LEVEL

PREPRODUCTION “fF* KIT
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FIGURE 23
SOUND PRESSURE LEVEL
10 KW @ 7 METERS

OCTAVE PASS BANDS IN HERTZ

PREPRODUCTION “F®* KIT
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FIGURE 24
SOUND PRESSURE LEVEL

STANDARD SET BASELINE
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FIGURE 25
SOUND PRESSURE LEVEL
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PRELIMINARY NOISE LEVEL TEST l
10 KN, 60 Hz. GTED GENERATOR SET
PREPRODUCTION "F" KIT ACOUSTIC HOUSING
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